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INTRODUCTION
In shallow lakes where organic sediments accumulate within the photic zone, the benthic algae potentially constitute a sizeable component of the entire lake's primary production (Vadeboncoeur et al., 2001; Cano et al., 2008) . Epipelic algal assemblages may support benthic (Strayer and Likens, 1986 ) and pelagic foodwebs (Vadeboncoeur et al., 2002; Rautio and Vincent, 2006) and may also participate in many chemical and physical processes that determine the dynamics of the ecosystem. Processes in which the epipelon is known to play a key role are oxygenation, an increase in pH, and the storage of nutrients and certain metals (Goldsborough and Robinson, 1996) , as well as a regulation of the outflow of phosphorus and nitrogen from the sediment mineralization zone (Jansson, 1980; Hansson, 1988; Dodds, 2003) . This community can furthermore contribute to the ecosystem's engineering since the members provide stability to the sediments and as a consequence reduce the resuspension rate (Sand-Jensen and Borum, 1991; Stevenson, 1996; Poulíčková et al., 2008) . Light interception by macrophytes, metaphyton, and/or plankton has been cited as a major force affecting the light climate for this community in lentic habitats (Hansson, 1988; Goldsborough and Robinson, 1996; Lassen et al., 1997; Bourne, 2000; Flödder et al., 2006) and especially in eutrophic lakes (Libouriussen and Jeppesen, 2006) . Another influence is the frequent disturbance through water movements (Lassen et al., 1997 ) -e.g., scouring -or animal burrowing in the often loose sediment habitat, which activity may leave the algae buried under several millimeters of sediments, thus without light and in an anoxic ambience (Moss, 1977) . In contrast to the circumstance with planktic algae, nutrient availability may not be a problem for the epipelic organisms, even in oligotrophic lakes, because of the close and direct relationship between this community and the sediments (Sand-Jensen and Borum, 1991) .
N o n -c o m m e r c i a l u s e o n l y
In Pampean lakes the reference epipelon composition is largely unknown. Very little information about epipelic algae or the influence they receive from environmental variables such as resuspension has been gathered. Such comparative studies have rather been undertaken only within the context of other communities like the phytoplankton (Izaguirre et al., 1994; Allende et al., 2009) as is the instance in most lakes (Cantonati and Lowe, 2014) . The gap of information on the assemblages that develop in these wetlands has hindered even the most minimal conceptualization about the processes that take place in these ecosystems (Quirós et al., 2002) . Environments such as Lacombe Lake constitute a fundamental component in the Pampean landscape whose study is of limnological interest because they are located within the transitional area between the Subtropical and Patagonic biogeographical regions and constitute a sizeable reservoir of biodiversity (Gómez and Toresani, 1999) .
Lacombe (a typical Pampean seepage lake) presents stable turbid-and clear-water regimes that may last for months to a year (Cano et al., 2008; 2012; 2013; Casco et al., 2009; Allende et al., 2009 ). This lake was chosen for study because of its relatively marginal degree of environmental degradation, with low-density cattle breeding and sport fishing being the only human activities recorded during the study period and those anthropic influences having no recognizable ecologic impact on that body of water (Cano et al., 2012) . Pampean lakes are naturally eutrophic with rather variable water total phosphorus (TP) concentrations: the higher mean values (range: 433-713 mg m -3 ) occur in turbid lakes and lower levels (135-230 mg m -3 ) in clear ones. In contrast, in shallow lakes characterized by inorganic turbidity, the TP concentration ranges from 811 to 7912 mg m -3 (Quirós et al., 2002; Allende et al., 2009) . The algal assemblages present in Lacombe sediments are composed of representatives of the epipelon sensu lato (Poulíčková et al., 2014) . We suggest that the epipelon composition of Lacombe Lake may well represent the benthic community that is developed under undisturbed, natural conditions in vegetated Pampean lakes, especially those without inlets and outlets. The description of reference conditions and communities is a critical issue for judging the ecologic status of shallow lakes in terms of the degree to which present-day conditions deviate from those otherwise expected in the absence of anthropic influences (Bennion et al., 2014) .
Although we have previously analyzed certain aspects of the relationship between the epipelon and plankton communities in Lacombe Lake (Casco et al., 2009) we did not further explore which environmental conditions may have been influential for the epipelon during periods of contrasting turbid-and clear-water regimes. We hypothesize here that epipelon variations over time -and particularly, those community changes that occur as a gradient within varying distances from the shore -will be related to the light conditions at the lake bottom. Furthermore, we would predict that the nutrient concentrations and the instability of the benthic substrate constitute secondary transformational drivers. The objective of this work was therefore to analyze the variations in the epipelon descriptive variables and species composition over space and time in an undisturbed Pampean lake to ascertain which of the above mentioned parameters are the most influential.
METHODS

Study site
Lacombe Lake (35° 50' S; 57° 53' W; Fig. 1 ), mean and maximum depths 1.88 and 2.50 m and lying over former marine and eolian sediments, has a muddy bottom with a high organic content because of the large amount of emergent and submerged vegetation that may cover most of the lake surface. Permanent stands of the bulrush Schoenoplectus californicus (Mey.) Sojak grow at the center and near the shore. These plants have an active growth during the spring and summer, with the stands becoming denser through stem production during that part of the year (Tur and Rossi, 1976) . The submerged macrophytes Stuckenia striata (Ruiz & Pavon) Holub. and Myriophyllum quitense Kunth develop among the bulrush stands and in places free of the emergent plants. Detail about the region's climate and the lake morphometry were given in Cano et al. (2008 Cano et al. ( , 2012 , Casco et al. (2009), and Cano (2009 Scheffer et al., 1993) could be discriminated by Casco et al. (2009) : a turbid-water state extending from July through September was characterized by the presence of abundant phytoplankton and the absence of submerged macrophytes. After the heavy rainfalls of October a clearwater state became established as a result of the development of submerged macrophytes and a diminution in phytoplankton biomass. The degree of transparency remained high even after the stands of submerged macrophytes disappeared throughout most of the lake except for the shallower parts after the March rainy interval. By May, these plants had recovered and stabilized the clear water-phase through June, when the study was completed.
Sampling and laboratory techniques
Sampling was carried out every month at four sampling sites. In preliminary field work, we had recognized that the presence of emergent and submerged macro-N o n -c o m m e r c i a l u s e o n l y phytes, the distance from the shoreline and the relative depth were influential variables with respect to the status of algal communities and thus the stations were established under consideration of those conditions ( Fig. 1 ): Station 1 (St. 1) at the center of bulrush stands and 340 m from the shoreline, had a mean depth of 2.25 m and a variable abundance of submerged macrophytes; Station 2 (St. 2) at the periphery of the bulrush stands and approximately 160 m from the shoreline, had a mean depth of 2.28 m, and a variable submerged macrophytes cover; Station 3 (St. 3) at a bulrush-free area and 180 m from the shoreline, had a mean depth 2.25 m and abundant submerged macrophytes; Station 4 (St. 4), a second bulrushfree zone and 7 m from the shoreline, had a mean depth 1.22 m and dense beds of submerged macrophytes. Duplicate sediment samples were collected at the four sampling points with core samplers of diameter 3.5 cm-and height 2 cm (Cano et al., 2008) .
Physical and chemical parameters (turbidity, dissolved oxygen concentration, pH, conductivity, and temperature) were measured at all sites with a HORIBA U 10 multiparameter. Samples for water chemical-analysis determination were collected at just 10 cm above the sediments for Stations 1, 2, and 3, the deep sites. At these same sites, samples for phytoplankton-chlorophyll analysis were taken in a five-level vertical profile. Because of the shallowness of Station 4, the data and water samples were collected at a depth of 10 cm from the surface. The transparency was determined with a Secchi disk at each sampling point. Detailed procedures for the analysis of planktic-chlorophyll and water variables such as polyphenols and nutrients were reported in Casco et al. (2009) and Ardohain et al. (2014) . The presence of submerged macrophytes was registered at all sites (Cano et al., 2008; Casco et al., 2009) . The percent cover of S. striata and M. quitense along with the density of the S. californicus stems were recorded within ten 1-m 2 square parcels of area selected at random at each sampling site and on each sampling occasion. In the laboratory, after conveniently diluted sediment samples were suspended by gentle stirring, two aliquots (20 mL) were separated (suctioning with pipes of 4 mm of diameter): one for the estimation of TP and particulate organic matter (POM), and another for the analysis of chlorophyll a and phaeopigment concentrations. Detailed procedures for the analyses of the sediment variables were provided in Casco et al. (2009) . The remaining material was kept for epipelon analysis.
According to the classification proposed by Poulíčková et al. (2014) , the algal assemblages present in the Lacombe sediments are composed of representatives of the epipelon (sensu stricto), the endopelon, the epipsammon, the endopsammon, and the meroplankton. Quantification of the epipelon sensu lato was performed on 50 µL aliquots taken from the suspended sample and placed on a slide under a 1.8x1.8 cm 2 coverslip (Cattaneo, 1983) . Smaller organisms and larger ones were counted in random fields at a magnification of 600x or 200x, respectively. The minimal area was established for each sample in both magnification categories by the species curve-method (Margalef, 1974; Wilmotte et al., 1988) . The quantification proceeded until no more species were found within 20 random fields, which practice in turn made the species-area curve stabilize at near an asymptotic value. Granulometric sediment characterization was also made by light microscopy during epipelon quantification. The pigment concentration and organism density were first normalized to an area by considering the percentage of the total weight of the sample represented by each aliquot withdrawn for the particular analysis, and then that same percent was regarded as equivalent to the fraction of the total area sampled by the core sampler. Algal identification was assessed according to the references cited in Cano et al. (2013) and was updated through the use of the Algaebase Database (Guiry and Guiry, 2015) .
Measurements of the specimen sizes to be used for the estimation of biovolume were made in the process of quantification. We considered biovolume as the total volume occupied by an organism: for example, if the organism had a sheath, the latter was included in this calculation. With large size variations in a species, the method of size classification was employed (Rott, 1981) . The calculation of average biovolume was done on the basis of the figures and formulas of Hillebrand et al. (1999) . The biovolume of the total algae per unit area (µm 3 cm -2 ) of each sample was divided by the corresponding total density (ind. cm -2 ) to obtain the average biovolume per individual (µm 3 ind.
-1 ) in a given sample. This measurement gives an idea of the size of organisms that compose a community (i.e., if most of the individuals are large or small). Diatoms were likewise sorted in biovolume categories in order to make evident any spatial differences related to size.
Data analysis
The euphotic depth (Z eu ) was determined according to Scheffer (1998) (Ramírez, 2005) . In the Analyses of Variance (ANOVA) and Pearson's product-moment correlations, the data were previously checked for normality distribution (Kolmogorov-Smirnov tests plus Lilliefors's modification) and transformed if necessary ([logx+1] or square root). When the normality distribution assumption was not met, the nonparametric Kruskal-Wallis ANOVA was performed together with Multiple Comparisons Tests between medians. In nonmetric multidimensional scaling (MDS), an analysis of similarities (ANOSIM) and the multivariate BIO-ENV procedure were carried out with the Primer 5.1 statistical package (Clarke and Warwick, 2001 ). For both, the MDS test (400 iterations) and the ANOSIM (5000 iterations, the similarity matrix was calculated by means of the Bray Curtis similarity index formula, and the data were fourth root transformed and standardized. In the BIO-ENV test the similarity matrix for species abundance was constructed in a similar way to that of the MDS. The environmental variable similarity matrix was built through the use of the normalized-Euclidian-distance formula and standardized data.
RESULTS
Benthic environment
The sediments from Lacombe Lake were light brown and were largely composed of organic particles. The mean POM concentrations were significantly higher at St. 1 and St. 2 (Tab. 1). The organic-matter content was strongly correlated with a higher TP concentration (Pearson-r: 0.87; P=0.001). At the deep stations the sediments had significantly lower mean densities in comparison to the value at St. 4 (Tab. 1). Sand and dark iron particles were more abundant at the latter site (up to 75% of the sediment-particle composition). As regards water physical and chemical characteristics, significant differences between the station 4 and the rest of the sampling points could be observed only with respect to the dissolved oxygen values (ANOVA or Kruskal-Wallis tests; Tab. 1).
At St. 1 and St. 2, the epipelon may have experienced unfavorable light conditions until November (Fig. 2) . The hydrometric increases coincident with the August precipitations were related to a worsening of light conditions at N o n -c o m m e r c i a l u s e o n l y the sediment surface. In contrast, the water-level increases caused by October and March rainfalls were linked to a decrease in the incident light at the bottom. The submerged macrophytes started to grow in spring, after the October heavy rainfalls. The plants began diminishing their cover in February during their fruiting period and survived at St. 3 and St. 4 after the March rainfalls. The distribution of S. striata essentially accounted for the total macrophyte coverage on all occasions at the four sites. Myriophyllum quitense developed only at St. 3 and St. 4, reaching a maximum cover of 40% in January at the latter site (Fig. 2) .
Epipelon assemblages
The epipelon assemblages consisted in a dispersed association of individuals, living both on and between the easily resuspended sediment particles. Most of the 136 taxa encountered were cyanobacteria and diatoms, and to a lesser extent, chlorophytes. The species-richness values were higher at the shallower St. 4 (maximum: 67 species in June) and lower at St. 1 (minimum: 32 species in December) on most of the sampling occasions; lower values were recorded generally during the turbid period. The abundance of the cyanobacteria was fundamentally responsible for the total algal density at the four sampling stations. The chlorophytes and diatoms were less abundant, especially at deep stations. Diatoms made greater contributions to the total density at St.4 from October onwards (Fig. 3) . The lowest chlorophyll concentrations were recorded at St. 1 during most of the study period (Fig. 4) with a marked increase in spring. This increment reflected the decline in the community's physiologic status, and it produced a decrease in the pigment index from a mean value of 65% (first three months) to 32% (for the rest of the study period, excluding the October and November data). The change from a better to a worse physiologic state was almost imperceptible at the deeper sites on the basis of Margalef's index. The average values for the July-September and for December-June periods (i.e., 5.2 and 6.1, respectively) indicated a mature community. At St. 4, these values were lower (i.e., 3.5 and 4.7, respectively) indicating the presence of less mature communities (Fig. 4) . The total biovolume at the deeper sites tended to diminish, while the values for St. 4 became more variable. If the biovolumes of Microcystis aeruginosa colonies are included in the calculation, then the average total biovolume varied markedly, especially from December on (Fig.  5A) . With the exclusion of the M. aeruginosa variations, the average biovolume-per-individual values were similar throughout the study period, with a diminution occurring in December when the community was constituted by smaller forms (Fig. 5B) . Twelve of the species represented 65-85% of the total density at all stations over the entire study period (Fig. 6 ). Among these twelve, Planktolyngbya minor, Aphanocapsa holsatica, Tetraedron minimum, Oocystis parva, Cosmarium aff. phaseolus, Navicula veneta, and Pseudostaurosira aff. subsalina were the most 
parva).
The diatoms manifested differences among the four sites, when separated into four specific average-biovolume size classes. The taxa with biovolumes greater than 100,000 µm 3 (Campylodiscus clypeus and Surirella striatula) contributed with higher percentages to the diatom total biovolume at St. 1 and St. 2 (Fig. 7) (Fig. 7) .
Relationship of epipelon variations to environmental conditions: statistical analyses
Differences among the sites, tested through the oneway ANOVA using the community-descriptive variables, were statistically significant (P>0.05) in the case of species richness and chlorophyll-a concentration (P=0.0001 and 0.0034, respectively). The Tukey post-hoc test indicated that, with the species richness differences were present between St. 4 and both St. 1 and St. 2 (P<0.001), and with the chlorophyll-a concentration were observed between St. 1 and both St. 3 and St. 4 (P<0.05).
Phase or regime differences were determined using four noncorrelated community-descriptive variables in an ANOSIM. The differences between the samples of the turbid and the clear-water phases, although significant (significance level: 0.01%), were not marked, as the R S value was not high (0.31). Site and time differences in the densities of the most abundant species (5% or more of the total density in any of the samples) were tested by the MDS ordination technique (Fig. 8) . A tendency among the samples from the different sites to separate from each other was apparent, especially between St. 1 or St. 2 and those from St. 4. The separation between the turbid-and clear-water samples was not sharp, though still recognizable in the plot (Fig. 8, broken line) . Although statistically significant, the overall site and phase differences were small when tested by ANOSIM (Global R statistic: 0.30 and R statistic, 0.34, respectively; significance level, 0.01%). In contrast, some of the R values were higher with pairwise tests evaluating differences between the sitese.g., 0.52 (St. 1 vs St. 4), 0.42 (St. 2 vs St. 4), and 0.37 (St. 1 vs St. 3) -all with significance levels equal to 0.01%. Significant Pearson's product-moment correlations were found among the descriptive-community and environmental variables that were related to the light climate underwater (Tab. 2). As regards sediment characteristics, the species richness correlated positively with the TP concentrations and the density of the sediment; these latter two variables were related to differences among the four sites.
The relationships between environmental parameters (temperature, conductivity, turbidity, sediment-TP concentration, and sediment density) and the abundances of o n l y the species were tested by BIO-ENV analysis. The highest R S (0.432) was obtained by the 4-variable group of conductivity, turbidity, sediment-TP concentration, and sediment density. The combination of all the variables correlated at an R S =0.408. All the environmental variables tested in combination explained only a small part of the species-abundance variations since the correlation coefficients were relatively moderate.
DISCUSSION
Epipelon variations over space and time
Although Lacombe is a shallow lake with a very smooth slope from the bank to the center, differences in epipelon structure with depth were nevertheless still present. Moreover, the assemblages at the shallower site (St. 4), being in a better physiologic state -as manifest in higher chlorophyll-a values and lower Margalef's index-reflected the more suitable environmental conditions of the habitats nearer the shore (e.g., greater light availability and less accumulation of organic material on top of the algae). At the deeper sites, the epipelic density was higher during the winter and decreased during the spring. These variations were not related to a corresponding pattern with respect to chlorophyll-a concentrations, a disparity that had also been found by Aberle and Wiltshire (2006) . In contrast, at the shallower site St. 4, both these variables exhibited a seasonally changing pattern characterized by an initial increase in late winter and a second peak during the summer.
The relationship between the lake's regimes and the variations in the epipelic algae resulted in only a marginal separation between the samples from the turbid-and clear-water phases, probably stemming from the contributions coming from various other algal communities. Cano et al. (2008; 2012; 2013) and Casco et al. (2009) demonstrated that the abundances of phytoplankton and epiphyton followed the phase change in Lacombe Lake closely. Many algae in those assemblages can migrate or sediment to the lake bottom (Poulíčková et al., 2008) , thus superimposing the variation patterns of their original communities onto the epipelon's own dynamics. Examples of these interchanges between communities were P. minor and O. parva (during the turbid phase these species were dominant among the phytoplankton; Casco et al., 2009) . Bourne (2000) found that environmental variables explained in part the variations in the epipelic-algal biomass. Likewise, epipelon variations in Lacombe Lake can also be explained by a complex combination of those diverse variables and not by one or two alone (cf. the Pearson-r correlations and the BIO-ENV test). The hydrometric level and the light variations as a result of phytoplankton growth are closely interrelated, and this relationship depends on the rapidity at which the water level changes. A gradual increment may give time for the phytoplankton to grow back and counteract the effects of dilution. Under such conditions, light is intercepted by the planktic algae so that the epipelic algae become overshadowed (Hansson, 1992; Vadeboncoeur et al., 2002; Flödder et al., 2006) . In Lacombe, the epipelon at the deeper stations (Sts. 1-3) may have experienced this resultant overshadowing after August precipitations. The October rainfalls were linked to the development of submerged macrophytes, a substantial diminution in the phytoplankton biomass and an increase in the percentages of incident light at the sediment surface. The improvement in light conditions was only evidenced at St. 4 where it may have favored the elevation in diatom density recorded. In spite of these more propitious conditions, an increase in phaeopigment concentrations was also registered at all stations by October or November. This increment indi- cated that the physiologic state of the organisms was not optimum, a condition that may have also be linked to the contribution of decaying organisms from the phytoplankton. Submerged macrophytes improve the water clarity by increasing the sedimentation rate of the suspended particles, by preventing sediment resuspension (Barko and James, 1998) , and/or by providing refuge for the grazing zooplankton (Burks et al., 2001) . All these effects may have been operative in Lacombe from October onwards and could have favored epipelon development. Nonetheless, submerged macrophytes can hamper epipelon development by shading the sediment surface when the cover becomes appreciable (Sand-Jensen and Borum, 1991; Lassen et al., 1997; Aberle and Wiltshire, 2006) . This double-edged effect could have been operating at St. 4, where the increase in chlorophyll-a concentration and diatom density were related to better light conditions. Both variables diminished in February, when submerged macrophytes attained higher percent coverages (ca. 100%), but then they increased again when the plant coverage fell to 8% after the March rainfalls (Casco et al., 2009) .
Epipelic algae and environmental variables
Since the availability of nutrients is usually greater in the sediments than in the water column, nutrient limitation in the epipelon is rather infrequent (Sand-Jensen and Borum, 1991) . In Lacombe, we obtained no strongly significant correlations between the sediment-TP or -POM content and the epipelon variables. Phosphorus may have been more greatly associated with the decaying organic matter than with the living epipelic algae. The pool of nutrients in the water column plus the sediments would appear sufficient to cover the epipelon requirements.
Scour is one of the most common physical perturba- tions to which the epipelic algae are subjected (Peterson, 1996) . In Lacombe, less dense sediments with high concentrations of POM and TP were found at the deeper sites St. 1 and St. 2. These characteristics are typical of sites with high rates of sediment accretion (Barko and James, 1998) . At these stations the presence of submerged or emergent plants and/or the water column depth may prevent the resuspension of sediment and increase the sedimentation rate of the suspended particles by contributing to water-column stabilization (Barko and James, 1998; Horppila and Nurminen, 2001 ). In contrast, at St. 4, the sediments were exposed to more intense water movements at the shore zone, thus the sediment density was higher (higher content of sand grains and lower POM levels). As reported by Barko and James (1998) atoms (e.g., N. veneta, N. amphibia, H. veneta, and R. gibba, among others) predominated at the erosional site, St. 4. The details of a diatom's shape may entail specific advantages or disadvantages for any particular site. In the loose organic sediments organisms must have a way to counteract the tendency to sink through that flabby, easily permeated matrix (Round and Eaton, 1966) . Larger flat cells, as C. clypeus and S. striatula, have a more extended surface apposing the sediments and thus may become buried more slowly. In contrast, at sites where sand grains are abundant, small needle-like or lanceolate diatoms may easily occupy depressions and spaces between particles thereby avoiding the water movements that could wash those diatoms away. Except for the very small cyanobacteria species Xenococcus minimus and Heteroleibleinia pusilla, the rest of the taxa found at St. 4 were not attached to the sand grains; therefore, wave action must have been a form of disturbance requiring confrontation. Although these observations were made in a shallow lake, the details are coincident with what Cantonati and Lowe (2014) pointed out for larger lakes. Those authors stated that in general, causes of disturbance are most influential in the shallow zones than in the more stable deeper zones and that these differences may influence the diatom assemblage composition.
CONCLUSIONS
The epipelon variations analyzed in this investigation exemplify the reference communities which are developed during clear or turbid regimes according to the model of Scheffer et al. (1993) in Pampean shallow lakes, particularly in those lacking inlets and outlets. Related to our main working hypothesis, our findings indicated that light conditions followed by substrate instability due to wave action appear to be the maindrivers of epipelon variations over space and time. On the contrary, as it is true in most eutrophic systems, no clues for nutrient deficiency could be obtained. We emphasize the closely relationships between the epipelon and other communities. The phytoplankton and the epiphyton may superimpose their own patterns of variation onto the epipelon dynamics thus transforming this community in a very complex and changing assemblage of organisms. 
